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In 1933 Anderson (1) diseovered the existence of 
the positron in ccamia radietion by means of clond 
chamber experiments. ‘Soon after several investirstors 
iz}, §8), (4), (Bi, (6), (7), (8), (9), (10), (2), 

. osstive particles 
(12), (13) found that’ sestteens are emitted by A-ray 
gources. The ferey sources investigated were Th(B,¢,c"), 
RalB,C), uUx,PSe . Rak, AeO", They found that about one 
in one hundred perticles emitted sre positrone. These 
positrons observed in a cloud chamber give rise to 
trseoke with positive curvature and are not otherwise 
Aistinguisheble from the ecleetron tracke. | 

The interpretation of these traoks is difrienlt 
and presente eontradietions between theory ond results. 
The treeka gould be nepative tracks coming toward the 
source bub in ovr oese this in ruled ont as 6 lead 
barrier wes used. investigators (4), (8), and (9), 
observed positive tracke in 5 aloud chember even when 
the sovree was werreunk’ by an absorbing material which 
should sbsorb all the positrons emitted from the sources 
These investigators (4), (8) and (9) eonaluded that 
these positrons were prodneed in the absorber. This 
assumption gan he made on the beeis of Diracs theory 


of pair production by electrons. txperimental results 


a he iiteee 


gt Botti ows 


ghow that, for this process, in opposition toe theory, 

there ig » orose section approximately preport ional 

to the cherce number Z and Ri ee) sae 

ie * 10722 em® (10722 om® ror Pb). Theoretically 

this problem hes been treated by (14, (15), (16) ana 

f i? snd the orose seation wae found to be proportions! 
toze 

Agaording to theory (18), (19) rays from a 
radioactive nucleus shovld oceasionally be “internally 
eonverted"” by the production of s pair near a nucleus. 
The number of positrons thus excited by Werays should 

18) and(/q). 

be about & x 1074 per disintepration. Ux, emite only 
week drays due to inner Bremsstrahlunge Also the 
emission of electrons from Ux, is not connected with 

a etrong nucleer J«radistion, Therefore for Ux, we 
‘gan diseount the possible production of positrens dane 
to Jmray conversions, the possibility of a rsdiosactive 
élement in the glass aurrounding the source due to ae 
ray bombardment is also excluded. 

Aliahenow (6) suggested that part of the positron 
aspeatram muet be agseribed to internal Aaconvers ion. 
Sizoo end Berendreght (9) conclude that the probability 
for this process is the same ss for J+ray conversion. 


This is in serious disagreement with the theoretical 


3% 


results of Arley ond moller (£0) who found the internal 
| & «conversion coefficient to be 1074 to 1074, 

Therefore the rate of ocourrence of positrons near 
fo «vey emitters which wes experimentelly found to be 
of the order of 107° per decay electron ie fer too 
preat to be aceounted for by peir production dre to 
internal and J-convers ions 

The apparent penetrating power and the absence of 
annihiletion radistion which shenld occur if the perte 
{eles sre positrons led Breat, Heine and Scherrer (13) 
to believe that the particles have a mess ooneiderably 
lese than that of the electron. the fset that the 
positive particles geem to lose momentum at a econsiate 
ently higher rate then ecleatrone of the seme momentum 
and the leak of annihilstion radiation led Smith and 
Groetzinger (1) to believe that they may not be 
positrons but heve e higher mess. 

The energy distribvtion of the positrons as found 
by investigators (f), (9) ana (18) shows thet by far 
the greater pert of them have energies less than S008. GeV. 

This thesis is primerily eoneerned with s Jetermine 
ation of the number end energy distribution of powitive 
particles emitted per deasay eleatron from uxana’ with 
the determination of the mass of these particles neing 


the rate of change of momentum method (Appendix 3). 
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1. Glond Shamber Proper 

The cloud chamber (Plate 1) is of the type Jeveloped 
by Gilbert and Dee in the Cavenfish Laborstory, Cambridge, 
England ond was built in the Nationel Research Vouncil 
Shops st Vhalk River, It is the diavhragm type sand is 
expanded by an electricelly operated valve system. The 
expaneion is produced by opening a valve allowing the 
air to eseape from the back shamher into a tank which 
is kept at a desired pressure by a system of pumps. The 
diaphragm moves downward causing an increase in the 
volume of the working chamber. The chamber operates 
satisfactorily in a cycle of three minor and one mejor 
expansion per 72 seconds. 

The walle of the working chember consist of a lucite 
eylinder with 2" wall thickness. Its main adventage is 
that it is less likely to shatter than gless and it contains 
no boron but if an sleohol-water mixture is admitted into 
the evacuated chamber it is likely to cause a large number 
of surface cracks on the inner surface. ‘This may be attrib 
uted to the sudden cooling effect of the evaporating 
alcohol. The eylinder ean be slsceas with Villson rlastic 
Cleaner which also obliterstes some smell seratches,. 
Aquadag rings 3/8" high were painted around the top 
and bottom of the inside surface to prevent light 


| soattering from the velveteen and the top plates 

| Aquadeg wes used beasuse it is s colloids] suspension 

| of garbon snd does not sonteminate the chamber, 

The bottom of the chamber is oovered with hlegsk 

| velveteen which is fatriy loosely woven so as to gllow 
| air to pass through it freely, ‘this provides a none 
reflecting surface, The velveteen was eewn onto & 

| brass hoop, made by bending 1/8" brease roa inte s 

| eirele. ‘this keepe the velveteen tant ehove the per- 
| forated plate and sllows non tarbulent flow of gas 

| through it. | 

: The electric clearing field of about 400 volte is 
| applied between the brsas bottom of the working a:enber 
| and en aquadag ring about 3/8" wide painted on the ine 
| aide of the top plate. The aquedag ring is pointed 

| Out to the ontside edge at two dismetriaslly opposite 
| points, Flectrical contect is made with these points 

| by means of inaulated lead foil and one is use& os one 
: eonteot for the elearing field, The two together may 
| be usel with e voltmeter to check the presence of the 

| Shela. 


The diaphragm consists of natural rubher sheeting 


1/3°" thiok obtained from the Onterto Rubber VOwy 


Toronto, Ontario. 
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The joints between the unite of the valve sasaenbly 
and the evecustion tank sre made ¢eae ticht by naturel 
rubber gaskets 1/16" thick. The grease eups on the 
expansion mechanism sre packed with stop-cock grease 
mixed with cotton batting as grease iteelf tended to 
be sueked out durine the evecustion process. This 
preasing process had to be repeated periodicelly. The 
Joints between the eylinder end the top snd bottom 
plates were mede gas tight by netureal robber gaskets ana 
if leaks persisted a besd of glyptel was run sround the 
jointe. The sluminen esatin, forming the base of the 
gloud chember and the working ohember wae found to leak 
and was peinted with glyptel several timer, this leak 
ig not g@erioug as if is isolated from the working 
chamber ty the diaphragm and een be taken care of hy 
the ayetem of pumps on the evacuating tanks 

in order to avoid disturbing the magnetin field 
distribution only nonemagnetio materiale were used in 
the ohember and the chamber stand. 

A gleee of Lesd pipe was wound sround the base 
of the chamber and oold water passed through ite ‘This 
goo0ling o2 the bese prevents fogging of the oylinder 


and the top plate and keeps the thermal eondition 


Stable ingide the charber. 
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The camera used (Plate 2) was designed and built 
in the Physics Department shop. It was fitted with 
a Leiow Elmar 73.5 lene, The pull sway shutter is 
operated by an electromegnet which is activated hy - 
relay/(Fig 1 en4 #) whieh also switches on the Helmholta 
eoilee The shutter closes when the eacolle are awitshed 
off, Por eutomstie operation e Flexo«-action motor, 
110 volte, 60 eyeles, 10 repsm. made by Kerkle sorf? 
Geer Co. is used to turn the film. The motor cperstes 
during the time the chember is in the compreseed position 
immediately efter the major expension, The drem, which 
turne the film, and the motor te peered down by 8 syetem 
of pulleye eo that the film is pulled threngh one freme 
during the time the motor operates. About twenty five 
fees of fiim ean be plesed in the camera st one time, 

The ¢amers is mounted en an sluminum stand which 
is bolted to the top Helmholts eo11 (Plate 3). 
Stereoscopic photographs ere obteine’ by using two 
front alominiged mirrore ottained from the Optics Section, 
National Kesesreh Council, Otteaws, The mirrors sre 
mounted on the frume anpporting the ceméra so that they 
ere perpendicular to the top piste of the chamber and 
parslicl to gach other end 82" epart. The bottoma of 


the mirrors touch the brees top cf the chanber, 
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The chamber ic dliumineted by means of a General 
Fleetric PT-/26 lemp used in 8 eireult illustreted in 
fig Se. The back helf of the lamp was silvered to in- 
grease the intensity cf illuminstion., It wee mounted 
in a box (Plate 4) so as to fit between the colle. 
The beam of light is collimated by a ovylindrtes1] Lene 
mede by eplitting and polishing so 2" rod of lucite. 

A plane mirror is waed on the side of the ehamher 


opposite the lamp, 


4. Helmholts Coile 

The Helmholtz eoile were built in the National 
Research Council shope ot Ghealk Miver. The inside 
diameter of the coils ie 12 1/28" ena the outside 
£0 7/16". The coils are spsced 7 15/16" apart by 
apacera. A layer of aopper tubing ia wennd on the 
inner side of the trees @pool Lor eooling purposes, 
The ocils each “eve 1090 turns of #11 HF. copper wire 
and are well insniated to stand & heavy current, The 
resiatance of each oni] is 6.9 ohme at 20°C. UVeing 
the simplified formula 

B a. Qe! 


where the symbole have the natal mesringsa, with the 
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goile in series and 110 volts seorces them, the field 
strength is found to be 600 gauss. The time for the 
field strength to reach a reasonably constant value 
was found to be sbout 1.8 ea, Secavse of inductance. 

The aotle are connected in series end en srrange- 
ment ss shown in "ig 4 je ueed to switeh them on and 
off when sarryine 8 current of 7.2 amps with 110 volte 
D. & eseress them (Plate 6). Reley 1 awitchee 110 
volts, 60 W to plug 3 which closes an A. Ce relay 
which in turn closes e 1 6. reley closing the Helme 
holts e011 oiranite fo prevent sroing seroes the 
réley terminals on breaking the cirevit a 60 pf cone 
deneer was connected seroes them. 

Yor higher voltages sand eaurrente e Punger Mereury 
Vapor rectifier 19046 is conneated in series with the 
ooile ae shown in Pig 44 ‘hen the elreuit is broken 
the back @emef, of the eoile is effeatively short eir- 


onited by the reetifier, thus preventing areings 
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be Control Cirouits 


| fa) Main eontrol sirenit 


The main control cireuit was arra@ ged as in 

| Wieures 1 end 2 and vlate 6G. The purpose of the ¢ir~ 
| enit da to carry ont minor expansions, to do thig 4 
timine olronit is required usine 2060 thyratrons., 


condensev 
The sridteherres up th 


to 4400 volts 
until the tube E fires end reley 6 in the plate elrenit 
clones, The losing of thie reley aterte the next grid 
gondenser charging ana tube F fires snd gloses relay 7 
in the plate eirenit, fhe prosess may be repeated 
endleesly. The time a4cloye may be etjuated by varying 
selector switches © and Ry 

For a main expension plag 2(b) hes to be olosed 
and elso switeh Sp which turns on the lighting circuit. 
When thie in done reley 1 switehes on the Helmholtz. 
coils and also opens the shutter, After an sdivusteble 
time deley of from 0 to 7 seconds controlled by selector 
avitch M, which gives the magnetic fleld time to reech 
e ateady value, the chumber expands, reisy 5 «clones 
end reley 2 also closes awitehing off the elestric 
eleering fields 

At 9 time varying from 0.05 to O«6 see. controlied 


by selector awiteh 5 after relay 2 closes, the lighting 
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eirenit ie closed by relay 4. Nelay 6 then opens the 
lighting atrenit, terne off the mepnetic field ena 
turns on the eleatria fiela. The siranit then sete 
iteelf ready to repeat thie ovyole if plug @(h) is 
closed or to carry ont minor expensiona tf plug fa) 
(switoh 35) 18 clogeds 

The gamers motor ie run from plage 6 for the 
time that the chemter remaina in the compressed position 
inmedtately arter the mein expensiton., 

All the oondensere in the eironit are paper, The 
relays are made by Viere and Go. and ere type AL1B16 
with 18060 terne and o resistence of "506 ohms. They 
are 6 terminal relays pine the soil terminals, 1 and@ &, 
aid 4 and 6 are normeliy slosed, © and 3, end 6 end 6 
are normally open, the positions reverse when the 
relay cloger. | 

The following is a anmmary of the funetiene of 
the various sarte of the eontrol oirenit: 

Relay KS 


Relay ? 


Switehea 1lOV, 607 to Ping 3. 


3 


“witches De. to Plog le 


Relay 3 


t 


Switches 110, 608 to Plug Be 


Relay 4 


t 


Switehes 110V, 607 to Blur 4+ 
Relay 6 
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Gute off vower to Pings 3, 4 and Bs 
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Relay 6 


Gloseg relay 2 which esnsea compression. 
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Relay 7 + Opens 


Plug 
Plog 


Plug 
Pl ng 
Plug 
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To 
To 
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relay ®.whioh gauses expansion 


expansion velves and clearing field 


etep switeh -P (a) eames minor expansion 


“£(b) osauses mator expansion 


reley Zor nelmholts goils. 


lighting oirenit. 


rel ay 


for BOUrGe.s i. 


gqanera motor 


L1OV, 


6047 mains 


Gonunter sontrol 


furne power on und off. 


furns lighting eireunit end source on and offs 


Turne on elow ond fast expane ton 


S@leator switeh M « Gontrois time delay for 


Helmholte eoils. 


Seleator @viteh N « Sontrols time delay for sonuree,. 


Seleator awiteh 0 « Controls 4uration of Ylash 


(This is not vged with the present set un; condenser 


discharge veed). 


Selector ewiteh 9 + Sontrols time in expanded 


position, 


Selector ewiten BR 


pesitions 


~ Sontroles time in compressed 
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Potentiometer © « Jontrols e¢leetria field. 
Botentiometer % + Yontrols flagh delay, 


(») Automatic Uperstion 


To make the aireuit oompletely antomatia sa 
| switch 

eeleetor awitah te ugeds The ecleator*is connected 
to a wheel, with twelve teeth, by a alrect shaft. 
im Selenoid 
“hen the ghember aompreases e aenHeA ia energized by 
blog 2 paliing thie “wneel around and moving the 
@eleator switeh through one steps 

The gomplete ayrcie of operations censistea of six 
eyeles of the timing elronit. Three of these prodnee 
minor or glesring expanaiona, two leave the chamber 
in the sompresaed position to allow time for thermal 
equilibrium to be reached en4 thé last one produces 
the major expansions 


(o) Minor epansions 


To produge minor éxpaneatons with thie type of 


@loeud ehemher there are two alternatives fa) To make 


an expansion slow se that it ia not adishatie (b) to 
expand the chamber hefore 1t is fully gompressed thus 
obtaining a amall expansion ratio. Alternative (b) 
is used, Sinoe the clearing expansions oan he mode 
repid by sAgusting 2 and R the expansion can he made 


to tuke plage before the pressure below the diaphram 
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has risen sufficiently to eompress the chamber fully, 
The timing cironit was sajueted so thet the chamber 
remeins in the compreased position for 9.5 seconds 
which is not long enouch to conpress it fully. The 
time 1t remains in the expanded position is °.6 seconds 
The timing oiraenit is aceurate enough to pive donaietent 
results. Three minor expansions sre sufficient to clear 
the shamber. The ahamber is sllowed to atand for 24 
seconds whieh is enfficient te bring it hack to temp- 
erature equilibriom. With the timing efrevit thus 
adjineted a mejor expansion oaeurs every 72 seconde. 
Table 


6 Tilting 


To meaeure the otrveture of the tracks a tilting 


table waa btnilt eonsiatine of a plece of bakelite, 
12° x 12", painted white screwed on to an iron hemi- 
sphere (Plate 7). ‘the bell fite onte the top of an 
iron ¢ylinder with en electromegnet in the centre 
making contect with the ball. ‘hen en electric 
eurrent i passed through the coll of the electro 
mepnet the ball, aylinder and core of the elestro~« 
magnet form a magnetia airenit without eapprecishle 
air gape dn thie way the bakelite roerd ie clamped 
tightly in pesition. 4 point on the board hes four 
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degrees of freedom, How if the camera and stand are 
placed above the tilting table, the film replaced 

in the camers, and the table adjusted, so that the 
two images of a track sre repro jected back in the 
objeet plane, and then eleamed, the curvature ean he 
measured by determining the length and depth of a 
chord, This is done by means of a rule embedded 

in the table to méasure the length of chora snd a 
miorometer screwed onto the table to messure the | 
depth of chord, Sinee only a small "slice" of the 
ghember is illuminated attention is peid only to 
treake which lie slmost in s plane perpendionlar to 
the lines of foree, Adinsting the intensity of the 
source so thet 9 reasoneble number of tracks appesr 
in the slice simplifies the measurement of the radil 
of eurvature of theee tracks, 

Singe the seme aamera fe used ond the film and 
mirrors are in the pseme relative rosition which they 
ocanpied when the exposure wae made many errors which 
might arise beeanse of bad alignments of the csmera 


and mirrors are ¢liminated. 


Ot "re lnakh 


thos. 


yi 


f % 
Nt 
HW Ay 


16 


Conditione for best tracks ere obteined with 
a minimum expansion ratio of 1.125, This is pog«* 
sible if a mixtore of 65% ethyl sleohol and 35% 


water is used with sir in the clond chamber (22), 


Better resnite mey he obteined if e mixture of 


23sl:l1 of ethyl sleohol, water and seetone is naed 
ag the acetone inoreases the contrast between the 
tracks and the hackreround for but thie ie impos 
gible in our ease as agetone would sttask the 
lucite oylinder. 

Ahont 5 ea of thie aleocholewater mixture 
was put in the chamber, Air at stmospheriec preseure 
was ueed as the frat. | 

A UX, souree was prepared eccording to the 
method of Hehn (Appendix 1). ‘The precipitate waa 
diesolved in nitric acid end a drop of it evaporated 
in 8 glees tube 2 me in diameter, °.6 om long and a 
wall thickness of 60 microns, ‘fhe tube was sealed 
at both ende and fastened to a brase bracket fixed 
to the ineide wall of the lucite arlinder, 

144 photorraphs were teken using Vrtho Record« 
ing negative film. The film was developed in 219 
for 7 minutes weshe and Lixed. 

A piece of lead foil 0,004 om thick (43.6 hig 
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was placed soross the chamber perpendianlar to the 
fissh tuhee 2812 photorraphs were taken with the 
foil 7.5 om from the source and 286 photographs with 
the foil 5.0 om away, 

The enurrent in the selmholts ool] eirenit was 
mainteined et 76f0 empe which mpave a field of 360. 
genusa, The reseon for teing ea low fleld le to rednee 


multiple seattering o- low energy particles, 


Results ond Voneluaiong. 

“ithont the leat foll in the ehamber ©1611 electron 
tracks and °3 with positive eurvetnure st were obnerved 
givine a retio of one positive rartiole for every 
04 elestrons emitted, ith the lvsd foil seross the 
chamber 10,418 electron trecka and 108 positive ones 
(Piste 10) were observed giving a ratio of 1 in 102%, A 
totel of 12,576 electron tracdke and 1°6 positive 
tracke were obacrved for a ratio of 1 in 101 which 
spreea well with other workers (8) end (10). The 
energy dictribution of the positive particles fie 
given in table 1, ond fig 5, and wee oeicnlated from 


the determine’ values of Hp. 
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a 2. 46 lieu eo 


ie Unly six positive particles were observed to 


go through the foil and their masesea were estimated 
uging the rate of shanre of momentum method (appendix 3). _ 
Thege reaults are aontained in Table 2, 


Table & 


‘ ~ mers 14 

Hp reuse-on _ 9e2x# ea RS fm 
: 50 | bece : Jed , 
2840 7,00 0.332 
1440 1.28 0.757 
1440 1.35 0,733 
2526 2.71 0.500 
1890 0.80 1.000 


esa PO Sette 


The sverare ratio of the mese of the positive 
particle to that of the eleatron ie of the order of 3. 
“With the lead foil & om away from the soures 

Pate q) 
74 peirs were observed 4ne to external conversion in 


the lesd foil. his gives a ratio of 1.415 poritive 
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particles per 100 electrons, With the lead foil 
766 om away from the source 36 psirs were observed 
giving en incidence of 0.98 per 100 electrone. 
These results afford a now confirmation of the 
unexpectedly high values of the probhebility for the : 
interns] and externel production of peirs hy 4 -partioles. 
The results ere in good agreement with Da Siive (8) 
and Siseo and Barendreet (10). the source wae not 
surrounded with lead as wee the case with investigators 
(6) and (10) so that pair prodaveation is entirely due 
to external conversion ena not to positrona penetrate 
ing the foll, “ightysaix percent of the positrons 
have energies léese then O04 mMseGeVe 
fhe Aifference in the numbere of pairs prodneed 
with the two different positions of the lead foftl may 
be due to the loss of energy by the Feperticle due to 
ionization. or velnes of dp from 1000 te 6000 gause 
om the corresponding number of fon peire produced per 
em in sir varios from 200 to 46. The energy spent 
in the prodnetion of en ion peir ie about 22 Gets 
Therefore the energy lose for £246 om varies from 


* 
3,900 ee. to 17,500 @sv, Finoe the kinetic enerry of 


2 i | me 
the paire ig Ke2m,0°, where = is the energy of the 
incidence 6 «particle, the loss of energy due flonigation 


reduees thie value and resulta in a smaller number of 
-& Rasetti, F. - Elemie niks oft Neclear FROME, 


yey 
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pairs produced. 

The mass of some of the positive particles was 
found to be greater than thet of the electron elthough 
the number of positive particles traversing the lead 
foil was too small to give a good statistical value 
for the masa. the masses of the particles are significe 
antly different from thut of the electron. Whether they 
ell heve the sasme mass is not definite without further 
investigetion. 4t is interesting to noe that the higher 
energy particles whose tracks would be less distorted 
by Seattering srée found to have a ereeter mags. ‘This 
is in disagreement with Bradt, Heine and Scherrer (12) 
who eoncluded thst the mass ef the positive partiele is 
considerably leas than that of the electron but 18 in 
agreement with Smith and Croetzinger (21) who suggested 


it is nigher. 
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A sonsiderabie amount of uranium nitrate wae 
dissolved in ether, The hexshydrate water forne an 
aqueous layer, After vigorous apitation the uraniom 
nitrate will remain in the ether while the Ux, with 
gome uranium will he in the aqueous layer. This 
aqheous layer is milked off and o few milligrams of 
ferria nitrate are added to it, Ammonia is then 
added to precipitate the uranium end tron. To re# 
dissolve the uranium, coneentrated ammonium cerhonste is 
aided end the solution warmed, The iron hydroxide 
which earriles the UX, is then filtered out ond dissolved 
in oe little nitric aold, 4 drop of this solution is 
evaporate’ in a thin walled gless tube which is sealed 
off to make the sources 

The uranium can be recovered and the process 


repeated efter 25 days, the half iife of Ute 


MS Hahn. O. - A bplied Vasc hea istry bp 33-3 
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Calibration of Ficid dngide 'elmholtz Coils 


The uniformity of.the field inside the Helmholtz 
soils wag cheoked ueing » flip eoil method. The coil 
(Plate &) wee leid horizontally in the field with the 


flux HAn passing through it. The coll wea then 


| turmea through 180° about a horizontel exis. The 


flux threugh the ooll is reversed co that the shange 


in flex is. 2@Hin, The aharre ¢ sent throngh a wall 


& 


type galvanometer ia 


= PHAN : eee eer eee er Tee EP ere ee ee 


and 
bs | = x 10? (Reo) pauss Cee kbees cannes ceeelel 
ean | 


where K ig the resistanee of flip coils and leads, 


G the resistance of the gslvsnometer, A the area of 
the flip coil and n the number of turna. 

Ageurate setting of the aoil and rotation through 
exaatly 180° is not necessary, 4f the plane of the ii 
coil makes an snele 6 with the lines of force, the 
flux through the eoll 1s piven by 

N a HAn sin 6 
ena differentiating 

an = HAn aos 8 

ae 
Then QN = cot @ a0 Cheb SebR sae ecaneneseevenesenaaatel 


f 
h MeN 


Plate 8 flip Coil. 
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| Sinee oot 6 is very smell with @ in the neighborhood 
of 790° the error involved because of a pmall error 
in angle 40 is thus very small, less than O./ Z. 
The flip eoil (Plate 8) nas 47 turns and 9 mean 
diameter of 23.40 7.005 ome ond an area of 9,084,403 ome 
“he resistance of the galvanometer and coil wes found 


to be 1112 7 .8 ohme by a bridge method. The galv- 


method ana the RERBAE TABS ae found to be 0,006020,00005 
a aoul. per mim, 

Galvanometsr defleations were obtained for the 
following points in a plane halfwey between the ooils 
teking the centre of the eoile es the origin and using a 


| anometer was galibrated neing = condenser dischare 
7487 906 OM. Ourirents 


“Qoordinstes 
of point 

Gelvencmeter 
fefleation 


9.03 8.54 | 


each 
The above readings @reaan average of six taken. 
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The field is uniform to within 0.6% over a region 
bounded hy tw horizontal planes one 2.6 om above, 
the other %,6 om, helow the midplane of the colle and 
6 cylinder of 9 om. redive messured from the exis of 


the coilss 


A 
Mart 


obtained for s eurrent of 7.2.05 ampe in equation (2) 
the field was found to be 360£°.5% panes. Using the 
Helmholtz formula the field was found to be 3507 1.5% 


ganse for the seme conditions. 


ae 
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rad 


Appendix 3 


Determination of Naas from the Nate of Chanre o 


Curvature & 

The rate of shanre of momentum of 8 partiale 
gan be determine 4 hy inserting e plate ineiae the 
cloud chamber end meseuring the onrvature of a tragk 
on both sides of the plate, 

A particle of mess M, cherge 2 and momentum p 
moving at right angles to ea magnetic field of 4 
gause desearibes e track with a radine of onrvature p 
om where 

po = iigo® = 600 2 Hp deceenneeceseeseueaetlal 

Wie Be 
where pe is in ev, ond Hp in gauss ome Knowing 
Hp the momentum of the particle may be obtained 
dirveotly provided 216 Fnow,. 

Differentist ry (1) we get 
gah A 


ig Ze ls 
The average rete of Aissipetion of energy through 
fonizution and excitation ty a fast primary pertiscle 


of masa M, velocity ¢ and charge ¢ in sir is 


*% (Reference, es Geptea and Ghosh (22)). 
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-dg 22x 10" ( 9,43 + 10g 4. 7 dl 
ax yi ime oneecant 


in GeVe per om of sir. 


a{ Hip ) ce 1 a poe k onkisvereuvell 


The valuee ofdfiip) corresponding to s value we Fs 
a’x Vi =At 


gan be esleulated and are given in the table and graphs 


From (1) with22« 1 we have 


Mx He oe ee EE 4) 
fa sats [Ts ‘eae "ert fos ‘ 


where Hp is in gauss-om and M is the ratio of the mass 
nm 


of the unknown particle to the mass of the electron, 


Knowing ep). A / \(l- A” wae “ wag found and substituted 
AS 


in (4) to determine M. The results are given in teble 3, 
and Fig 6. 
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